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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.^fc|^|^l^||| |ip |^|translat©d by compiler. So the translation maysit 

reflect the original precisely. 

2 **** s hows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the forming method suitable for 
especially manufacture of the product which consists of the light metal material 
represented by aluminum, magnesium, titanium, etc. 
[0002] 

[Description of the Prior Art] Although there is the casting method as a typical 
thing of a light metal product as a method of making the product which has a 
complicated concavo-convex side, a complicated hole, etc. when an aluminum 
product is taken for an example In the portions of the thick section and closing 
in, difference arises [ that volume contracts in the case of solidification, ] at 
solidification speed, From many factors, such as being easy to involve in air 
etc. into a molten metal at the time of the hot-water supply to mold, it is easy to 
produce defects, such as shrinkage cavity, a pinhole, and a crack, and there is a 
fixed limitation in making a healthy organization uniformly. Moreover, since 
the silicon compound etc. is mixed in order to improve a moldability in a top 
coarse generally, a cast organization has the fault from which the product which 
has in it the fine sight in which the portion tends to receive pervasion and, 
which it expects it since the oxide skin of alumite is not formed in such a 
nonmetallic portion is not obtained, when alumite processing is carried out. 
[0003] Although a forging does not have such a fault, for example, like a 
manifold or various kinds of valves When a final-product configuration needs 
the hole of the many directions, with the forging die which reciprocates in the 
vertical direction Although it can form, in order to prepare the hole elongated 
like a horizontal hole in the reciprocation direction and the crossing direction, 
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after the hole of the reciprocation direction forms an appearance with forging, 
by other cutting, it needs to make a hole, and its man day increases, and it has 
the fault to which a manufacturing cost becomes high. 

[0004] By avoiding such both fault and combining the advantage of casting and 
forging Consider as the method of manufacturing a product with few faults 
cheaply, and the cast molding by the sand mold is cast first. By making this 
cast molding more greatly a little from the configuration of the last purpose 
product, in order to secure a forge ratio (forging ratio), and pressurizing in a 
forging die using the forging die equipped with the final-product configuration, 
an excess metal is removed as a barricade and the method of fabricating a final 
product is learned. (Refer to JP,32-8161,B) . 

[0005] If there is generally no deformation of at least 15 - a 20 capacity % 
grade when adding forging to this, reforming a cast organization and the case 
where plastic deformation arises mainly in a rectilinear is considered although 
based also on the configuration of a product since the cast by the light alloy 
material, such as an aluminium alloy, has a defective part peculiar to the flaw 
of******, a cavity, and a front face etc., it is known that reforming is difficult. 
However, since the casting by the sand mold has the long coagulation time 
according to the experiment of this invention person, even if it adds the plastic 
deformation by forging which a metallic-crystal organization progresses greatly, 
and an organization becomes coarse too much, and serves as Yoshinari's forge 
ratio, the difficult thing has made the reforming clear. 
[0006] Furthermore, it is difficult to solve a problem which is described below 
even if, even if it uses the cast by metal mold as reserve molding. Although it 
needs to perform plastic working by the forge ratio more than fixed (forging 
ratio) for the improvement by forging of a cast organization as described above 
In case an above-mentioned method presses and fabricates the cast molding 
made somewhat more greatly than a final-product configuration with a forging 
die, by making an excess metal into a barricade, a fluctuated type is put 
together, and it is made to protrude from an eye, and is fabricated, the forging 
cast by press working of sheet metal First, the field after performing deburring 
**, next carrying out cutting removal of the barricade is ground, and it is made 
a final product. 

[0007] The above-mentioned barricade is the portion in which the cast structure 
received the biggest plastic deformation by carrying out pressure by the forging 
die. a coarse cast structure precisely Since it is what turns, moves in layers and 
is produced, However the field after carrying out cutting removal of the 
barricade may grind, since a metal texture will differ from other cast skins, 
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Application of this method is difficult for a product which the layer which looks 
at by the eye and can be distinguished clearly, and which consists of the lap of a 
countless fine fibrous line is formed, and there is a fault which worsens 
appearance of a product, and thinks appearance as important. And since this 
layer is what is produced by difference of a metal texture, it is difficult for 
alupnte processing not to be conspicuous, eittier and to carry out it. 
[0008] Moreover, since a detailed crack occurs, stress concentrates on this, it 
develops into a crack, and there is a possibility of becoming the cause of 
accident in the field which removed the barricade by shearing. Furthermore, 
while a forging die must be manufactured and difficulty follows on die making 
so that a barricade may not be made to project into the portion which makes a 
curved surface since it becomes a plane after removing a barricade, it is the 
product which needs a fine sight and the product which cannot but have the 
parting plane of a mold in the curved-surface section cannot be made from this 
method, furthermore, other methods which time and effort, such as cutting, 
requires When a horizontal hole is required for the purpose product even if it 
can form a hole parallel to the vertical move direction with a forging die again, 
as described above ~ not depending - if it does not obtain but is in the thing of 
a complicated configuration with much irregularity, the reduction of a 
manufacturing cost by this method is difficult 
[0009] 

[Objects of the Invention] A metal texture is precise and uniform and is 
equipped with a fine sight, the configuration of this invention is complicated 
and it aims at indicating the method of fabricating the light metal product 
which is rich in irregularity by the low cost. 
[0010] 

[Elements of the Invention] the molten metal for castings to which the first 
summary of this invention makes light metal material a subject - primary ~ 
metal mold — by fabricating to inside It holds in inside, secondary [ which cast 
reserve molding somewhat smaller than a final product, was equipped with the 
configuration of the purpose product and was sealed except for the move region 
of the after-mentioned press means in this reserve molding ] — metal mold — 
the limit where this reserve molding does not have fixed form nature checked ~ 
setting — if possible — an elevated temperature ~ or In the temperature region 
where solid phase and the liquid phase are intermingled in the metal texture 
which constitutes this reserve molding a part or all of the excess-metal section 
that was formed beforehand that a predetermined forge ratio should be secured 
to this reserve molding ~ the aforementioned secondary one — by pressing by 
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one or more press meanses attached to metal mold The aforementioned 
excess-metal section is made to shift to the purpose product side, and it is in the 
. forming method of the light metal product characterized by fabricating the 
purpose product of a request configuration. 

[001 1] In the above, reserve molding is taken out from a casting die, and it is in 

the state where temperature is yet fully high, secondary [ which is kept warm ] j 

- metal mold - the limit where the fixed form nature of reserve molding is not 

checked by containing to inside or carrying out the remaining heat of the 

reserve molding ~ setting — secondary ~ or [ containing to metal mold ] — or 

secondary -- metal mold - heating in inside, and raising to predetermined 

temperature, or using these heating meanses together ~ secondary ~ fabrication 

by metal mold is performed this temperature - a casting - public funds - the 

temperature region where the liquid phase solidified during the cast 

organization of reserve molding and solid phase live together although it 

changes with kinds of group material - setting - secondary— metal mold - it 

is desirable to perform press of the inner excess-metal section It is most 

desirable to be carried out in a temperature region where the rate of an 

abundance ratio of the liquid phase becomes about 20 - 30%. However, the 

fabrication in this solid-liquid coexistence state may not be indispensable for 

the invention method specified to the first summary of the above. For example, 

it is simple, and the crevice configuration which should be formed does not 

need existence of the liquid phase, in being shallow. Any second methods, such 

as vertical division, right-and-left division, and vertical horizontal division, can 

be used for the division format of metal mold. 

[0012] In the forming method of a light metal product that the second summary 
of this invention was specified in the first summary of the above The crevice is 
formed in reserve molding, the nesting type which has the approximated 
appearance to this crevice in the same as that of the crevice configuration of the 
purpose product, or the state where it was filled up possible [ evulsion ] from 
the last molding secondary ~ metal mold - it is in the forming method of the 
light metal product characterized by pressing the excess-metal section 
beforehand prepared in inside at this reserve molding by the press means 
[0013] Generally insertion restoration of the above-mentioned nesting type is 
carried out through opening prepared in metal mold the second order in the 
crevice of a reserve cast. In the state where it was blockaded with some nesting 
types, insertion restoration is carried out, press of the excess-metal section by 
the press means is performed to reserve molding, and evulsion of a nesting type 
guidance path and the opening of a bird clapper is carried out from molding 



PAGE BUNK (usTO 



^^ittp://www4 .ipdl.jpo.go.jp/cgi-bm/tran_web_cgi 

with the cutting die equipment equipped with the hydrostatic-pressure cylinder 
etc. after fabrication. Therefore, as for a nesting type, it is desirable to prepare 
the draft. Moreover, if the crevice configuration of the purpose product 
manufactures a nesting type as the final-product configuration, when it has a 
crevice configuration to which the evulsion after molding becomes impossible, 
it^MMWhtyf-as >$WQM8 p^etuct by easy cuttmg^te. after evulsiap using the 
nesting type equipped with the appearance near a final-product configuration in 
which evulsion is possible. 

[0014] Forming so that the configuration of the hole which should be formed in 
the purpose product in the appearance of a press means to press the 
excess-metal section, in the method specified in the above-mentioned first or 
the second summary, and/or a crevice may be made, and forming crevices, 
such as a cave hole which should be prepared in a, product, while realizing 
movement of the excess-metal section in which a predetermined forge ratio is 
satisfied is also included in the range of the above-mentioned invention. It is 
turned over, a phenomenon and a different metal texture are put together, and 
that it is [ that an eye arises ] easy to be generated in case the contamination of 
gas and the contamination of an oxide film or a foreign matter arise in case 
partial pressurization is carried out and the excess-metal section is fabricated by 
preforming by casting, since the configuration near the purpose product is 
already made, or a fabricated metal passes the narrow section does not produce 
the invention method of the above-mentioned first and the second summary. 
Since pressing of the product is carried out in closed mold, its configuration 
precision is high. Furthermore, since fabrication is performed in the state where 
the liquid phase is intermingled, in the conventional forging, the simultaneous 
fabrication of the cave hole which has not been formed can be carried out. 
[0015] The third summary of this invention by fabricating the molten metal for 
castings which makes light metal material a subject in a casting die The reserve 
molding containing the excess metal for securing a predetermined forge ratio, 
while having a crevice of the configuration near the last purpose product is 
made, or [ that it is the same as that of the crevice configuration of the purpose 
product to the aforementioned crevice formed in this reserve molding ] ~ or 
The nesting type which has the appearance approximated to it in the state 
where it was filled up possible [ evulsion ] from the last molding the 
temperature region where solid phase and the liquid phase live together in the 
metal texture of the aforementioned reserve molding - forging - after 
performing plastic working with metal mold, a described [ above ] nesting type 
is sampled and it is in the forming method of the light metal product 
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characterized by adding post-processing processing if needed 
[0016] invention specified in the third summary of the above ~ setting — 
forging — the crevice established in the reserve molding held in metal mold ~ 
the forging by the side of movement ~ the crevice elongated in the move 
direction of metal mold, and the crossing direction ~ containing -- this crevice 
\ ~ fixed side fbrfing -- it is contained in the range of above-mentioned invention { 
when it is constituted so that a nesting type can be inserted through metal mold 
In addition, in the above-mentioned first or the third summary, the casting 
method of reserve molding can adopt arbitrary casting, such as a gravity casting 
method, low pressure casting, and a centrifugal casting process. By according 
to invention by the third summary of the above, forming a crevice, a cave hole, 
etc. in the reserve cast by casting beforehand, and inserting and fabricating a 
nesting type to it at this Since the reserve molding which it preheated turns to 
the nesting type circumference uniformly and is crowded and filled up with a 
half-flow state into it to a half-solidification state, force which exerts 
deformation on a nesting type does not act at all, but can form simultaneously a 
cave hole, a crevice, etc. which have not been formed with forging in the 
conventional forging. An example is hung up over below and it explains to it 
more concretely. 
[0017] 

[Example 1] the molten metal for castings which consists of an aluminium 
alloy — primary — the gravity casting as metal mold - public funds — based on 
a conventional method, it slushes into type (not shown), and the reserve 
molding 1 shown in drawing 1 is made In consideration of the forge ratio, 
sufficient excess-metal sections la and la of an amount are formed in the 
portion which is equivalent to the position of the holes 3 and 3 which should be 
established in the last purpose product 2 beforehand, and its upper part in the 
state where a part projects up at the reserve molding 1. the time of fixed form 
nature fully being obtained in such reserve molding 1 — casting ~ public funds 
~ secondary [ which opens and takes out type, will maintain at the temperature 
region (for example, 550-600 degrees C) of solid-liquid coexistence of the 
aluminium-cast alloy which used, having warmed in the heating furnace if 
required, and has kept this warm beforehand ] ~ it lays on the female mold 5 of 
metal mold, and a punch 6 is closed secondary [ in which the configuration of 
reserve molding has a final-product configuration in consideration of a forge 
ratio ] - metal mold — it is formed somewhat smaller than an internal form 
[0018] however, secondary ~ the openings 6a and 6b which open the crowning 
of the excess-metal sections la and lb prepare in the punch 6 of metal mold -- 
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having — ****— this opening 6 — the soffit of the press rods 7a and 7b as a 
press means makes a and b have attended free [ vertical reciprocation ] with the 
oil hydraulic cylinder etc. The appearance of press rod 7a and b is formed 
similarly to the configuration of the holes 3 and 3 of the purpose product 2. 
When closing a punch 6, immediately by dropping press rod 7a and b, making 
it a^an|e to a bottom ^pa^fp^ piegfpQ t|e ex^§§wj|pj|^§^^ and la, 
and pushing into a surrounding cast organization pressurization and movement 
of a cast organization are produced - making -- the reserve molding 1 — 
secondary - a configuration is changed so that the crevice between metal mold 
and the reserve molding 1 may be filled - making ~ secondary ~ metal mold - 
fabrication is completed by carrying out pressure of the wall The purpose 
product 2 is obtained by retreating a press rod, opening the second metal mold, 
taking out a moldings, and carrying out trimming of the periphery of a hole 3 
etc. if needed. 
[0019] 

[Effect] According to the above-mentioned method, since a half-solidification 
state has a cast organization at the time of secondary forming, by the press 
means, since it is in the state to which movement of cast meat was loose, and 
air was not involved in, and the crystalline structure of the almost same size 
also distributed the cast organization densely in the fusion metal, density is 
uniform, and molding with a healthy organization is obtained. Furthermore, 
since metal mold 6 is sealed, a barricade does not occur in the fluctuated type 
parting plane 8, faintly, by the grade a streak of line can be seen, deburring 
****** is unnecessary and the second appearance is not spoiled, either. 
[0020] 

[Example 2] the reserve molding 10 shown in drawing 3 - an example 1 - the 
same - an aluminium-cast alloy - using ~ gravity casting ~ public funds - it is 
cast by type This reserve molding 10 consists of the dead head section 12 for 
improving the health of the main molding section 1 1 near a configuration and 
this main molding 1 1 of the purpose product. The cave hole 13 of a major 
diameter is formed in the place equivalent to the formation position of a cave 
hole 21 established in the last purpose product 20 shown in the main molding 
1 1 at drawing 5 from this cave hole 21. secondary [ which consists of left type 
15 which preheats such reserve molding 10 to the temperature with which solid 
phase and the liquid phase coexist, moves from a longitudinal direction, and 
seals a mold, and right type 16 which are being fixed ] - metal mold - it 
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dropped, and the dead head section 12 is pressurized. Since the reserve 
molding 10 is in a half-solidification state, the welding pressure of the press rod 
20 does not need so big the force. Usually,kg [ of the purposes / 2000-4000 / /] 
are fully attained in the welding pressure of 2 cm. If the partial pressing which 
pressurizes only the dead head section with the press rod 20 is completed, will 
make a nesting type secede from a moldings, an influenced type will be opened, 
molding will be taken out and the remainder of the dead head section will be 
separated in the boundary section 22 with the purpose product 20 while raising 
a press rod, the purpose product 20 equipped with the cave hole 21 as shown in 
drawing 5 will be obtained. 
[0022] 

[Effect] According to the above-mentioned method, the purpose product can 
also form simultaneously the cave hole 21 which was equipped with the same 
advantage as the case of an example 1 upwards, and was conventionally formed 
by cutting. And as for the interior of a cave hole, a far smooth field is acquired 
compared with cutting. 
[0023] 

[Example 3] Drawing 6 and 7 are related with the method of more often 
producing the same method as an example 2. the main molding section 31 
equipped with the configuration with the reserve molding 30 near the purpose 
product configuration which consists of the aluminum alloy casting made by 
the gravity metal-mold-casting method, the dead head section 33 as the 
excess-metal section, and secondary ~ in order to hang to the gage pin 37 
prepared into one cover half 35 of metal mold ~ a hole - the hanging section 
32 equipped with 32a is formed The somewhat larger cave hole 34 than the 
cave hole which should be prepared in the last purpose product is formed in the 
side at the main molding section 3 1 . On the other hand, the second order, metal 
mold approaches from the side the cover half 35 fixed to the fixed platen 37 
prepared in the die holder etc., and this cover half 35, and consists of moved 
type 36 which closes a mold. 
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[0024] a cover half 35 - the hole of the reserve molding 31 — it inserts in 32a, 
and it lets the pin 37 which positions reserve molding in a predetermined 
position, nesting type 38 which should be inserted in the aforementioned cave 
hole 34, and the opening 39 which formed this nesting type in the position 
corresponding to the cave hole 34 of a cover half 35 pass, and the oil hydraulic 
cylinder 40 taken in and out is formed Furfcrmore, guidance opening 35a is 
prepared in the portion which the dead head section 33 meets, and the press die 
41 as a press means is contained by the cover half 35 free [ reciprocation ] in 
this. The piston rod 42 which drives a press die 41 lets the cylinder 43 which 
penetrates the lower part of the fixed platen 37 pass, and connects it with the 
piston of the oil hydraulic cylinder which is not illustrated. The gage pin 37 
drilled in moved type 36 misses 36a, and it is a hole. 
[0025] To a such temperature region with which solid-liquid coexists the 
reserve molding 31, using metal mold the second order, after fully heating, it 
hangs, stops and fixes to a gage pin 37 by the proper conveyance means. Next, 
nesting type 38 is moved and it inserts into a cave hole 34, and further, while 
advancing a press die 41 to a pressurization starting position, moved type 36 is 
moved and a secondary-forming type is closed. By this stage, the 
secondary-forming type is preheated or kept warm so that it may become the 
request temperature region in which partial press fabrication is possible. In this 
state, a press die 41 pressurizes the dead head section 33, and secondary 
forming is performed. Subsequently, retreat of a press die 41, secession of 
nesting type 38, and movement of moved type 36 are performed, and a cast is 
taken out. 
[0026] 

[Effect] secondary [ above ] ~ if metal mold is used - the preheating of reserve 
molding or keeping warm, conveyance, and secondary ~ automation of 
processes, such as wearing to metal mold and extraction from metal mold, is 
easy, and by the press cut of the dead head section 33 or the hanging section 32 
etc., the product which is rich in the irregularity equipped with crevices, such 
as a cave hole 34, can also be performed simply and well, and can manufacture 
a complicated product by the low cost 
[0027] 

[Example 4] Drawing 8 -9 show the 4th example of this invention method. The 
reserve molding 50 is an aluminum alloy casting cast by the gravity casting die 
completely like the case of the aforementioned examples 1-3. The respectively 
large, large and small cave holes 51 and 52 are formed in this reserve molding 
50 from the cave holes 71 and 72 which should be prepared in the last purpose 
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product 70 of drawing 9 . On the other hand, the second metal mold consists of 
forging female mold 61 currently fixed to the die holder, and a forging punch 
62 which moves up and down, and the nesting types 63 and 64 which equipped 
female mold 61 with the configuration of the cave holes 71 and 72 of the 
purpose product 70 make the openings 65 and 66 prepared in the 
side-attachment-wall side of this female mold 61 have attended, respectively. 
[0028] On the other hand, the lobe 69 for forming the dugout 73 which should 
be prepared so that it may elongate caudad from near [ the ] an upper surface 
center section for the purpose product 70 is formed in the punch 62. Into such a 
forging die, or solidification is not 

yet completed, but it carries out whether in the temperature with which solid 
phase and the liquid phase are still intermingled, and coexist, it takes out from a 
cast type, and sets at female mold 61. Of course, female mold 62 and 61 is also 
fully preheated the top in the range by which the application of a release agent 
is not hindered. Insertion fixation of the nesting types 63 and 64 is carried out 
at the position in a cave hole 5 1 and 52, respectively, a punch 62 is dropped 
slowly and pressing of the reserve molding is carried out. If fabrication is 
completed, while moving a punch 62 upwards, the nesting types 63 and 64 are 
retreated and the purpose molding is removed from a mold. 
[0029] 

[Effect] Since the nesting type circumference is uniformly filled up with the 
excess-metal section of excess-metal section 50a or others which the nesting 
types 63 and 64 are contained in the cave holes 5 1 and 52 prepared beforehand, 
and was eliminated by the lobe 69 of a punch at the time of pressurization 
according to the above-mentioned method, by pressurization, there is no 
possibility of deforming, and even if a cave hole 72 changes good and is long 
and slender, it can draw out easily after fabrication. When it interferes in a 
nesting type and there is fear of deformation in the move region of a lobe 69 
etc. especially, like [ in the case of drawing 9 ], a dugout 73 and cave holes 71 
and 72 are formed to the state in front of a free passage, and it is made open for 
free passage (for example, when the cave hole and dugout of the purpose 
product cross and are open for free passage etc.) by cutting if needed. In this 
case, as compared with making a cave hole in the conventional forging, 
processing becomes very easy. 

[0030] According to the method of the above-mentioned example 4, a thin and 
deep cave hole can form easily, moreover, by the forging forming cycle, a cast 
organization is fully improved and a quality product is obtained cheaply. 
Moreover, about two 2000 - 4000 kg/cm by oil pressure etc. is enough as the 
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welding pressure of reserve molding, and since it is far small, it ends and 
fabrication by the press force serves as a subject from impulse force as 
compared with the conventional forging, the energy which fabrication takes 
also has little noise. 



[Translation done.] 
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